The Penrose tiling provides a prototype for the quasiperiodic crystal model of quasicrystals (b) are actually required to describe a tiling.
most appropriate to describe the experimentally observed quasicrystals, all of these models suggest interesting possible condensed-matter phases worthy of exploration. In this paper, we focus on the quasiperiodic crystal model, the prototype for which is the Penrose pattern. ' ' ' We report computer simulations of the thermodynamic behavior of a system for which the Penrose pattern is the ground state. We determine, to within the accuracy of our simulation, the phase diagram of this system and discuss the issue of inherent glassiness in this model. (a) and (b) are actually required to describe a tiling. Clearly, the random tiling model will describe our system in the high-temperature limit.
A Penrose pattern may be viewed as consisting of "tracks" oriented at 72' angles from one another. One set of tracks is highlighted in Fig. 1 . The tracks are obtained by connecting rhombus sides. The tracks are arranged in a Fibonacci sequence of long and short intervals. In a random tiling, by contrast, these tracks will be highly disordered, with the intervals between them not well-defined (see Fig. 3 ).
In a Penrose pattern, a given track may be divided completely into "worms" and "decagons". The worms are composed of strings of hexagons as shown in Fig.   4 (a). Each tile in the pattern belongs to one or two hexagons. The two possible types of hexagons are highlighted in Fig. 4(a) . Worms are always terminated on decagons as highlighted in Fig. 1 In order to ascertain whether these specific-heat peaks correspond to phase transitions we consider the behavior of the phason fluctuations defined in Eqs. To make a more quantitative investigation we plot h' versus ln N (see Figs. 17) for each temperature and do a least-squares fit to obtain the slope. Figure 18 Because the slopes are quite small at these low temperatures the two scenarios are diScult to conclusively distinguish using the h versus ln N fits. However, more definite evidence for the existence of a phase transition at T~i s given by the results of more limited simulations in which the energetic cost, cd, of double-arrow violations is set to zero. Recall (see Fig. 5 We now turn to a discussion of the higher temperature transition associated with disordering of h, . Figure 22 shows h, versus temperature for sizes 246, 644, and 1686.
Quantitative analysis is much more difficult for this transition because the fluctuations in h, are severe at the 
